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(57) ABSTRACT

To prevent a reduction in engine load detection accuracy due
to variations in reluctor size within mass production toler-
ances, an engine control unit includes a pulse generator PC
that detects a reluctor to output crank pulses. An angular
velocity calculating unit calculates a first crank angular veloc-
ity on the basis of an interval between two crank pulses output
in a predetermined section near compression top dead center
TDC, and detects near overlap top dead center OLP the same
reluctor used for calculating the first crank angular velocity to
calculate a second crank angular velocity on the basis of an
interval between generated two crank pulses. An engine load
estimating unit calculates, as an engine load, a difference
between the first crank angular velocity and the second crank
angular velocity. The engine load is indicated mean effective
pressure over a whole cycle including negative work done by
the engine.

12 Claims, 6 Drawing Sheets
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1
ENGINE CONTROL UNIT

TECHNICAL FIELD

This application claims the benefit of priority of Japanese
Application No. 2010-282089 filed on Dec. 17, 2010.

The present disclosure relates to an engine control unit, and
more particularly, to an engine control unit suitable for
improving detection accuracy of the angular velocity of a
crankshaft to accurately estimate an engine load.

BACKGROUND OF THE INVENTION

When combustion is performed in a cylinder, the angular
velocity of a crankshaft is increased from a first angular
velocity wa to a second angular velocity cob by combustion
pressure. Therefore, when I represents the rotational moment
of inertia of an engine, kinetic energy E increases from (V2)
Twa? to (V2) Twb?. In other words, torque is produced accord-
ing to an increasing amount of this kinetic energy, AE=(V2)-I-
(wb?~wa?), and hence the produced torque is proportional to
(wb*-wa?).

In this manner, the produced torque is obtained from the
difference between the square of the first angular velocity wa
and the square of the second angular velocity wb. Therefore,
in an engine control method, for example as disclosed in
Patent Literature 1, torque variation is calculated based on the
produced torque obtained from the difference between the
square of the first angular velocity wa and the square of the
second angular velocity wb.

SUMMARY OF THE INVENTION

According to the control method disclosed in the Patent
Literature 1, on the basis of the time required for from 30° to
60° crankshaft rotation after compression top dead center, the
first angular velocity of the crankshaft during this section is
obtained. Also, on the basis of the time required for from 90°
to 120° crankshaft rotation after compression top dead center,
the second angular velocity of the crankshaft during this
section is obtained. Here, the crankshaft position, i.e., the
crank angle, is obtained by detecting, with a pickup sensor, a
plurality of spaced-apart reluctors provided at certain inter-
vals around a rotor that rotates synchronously with the rota-
tion of the crankshaft. For this reason, in the related art
method, the first angular velocity and the second angular
velocity are detected using reluctors corresponding to differ-
ent crank angles.

However, there has been a problem in that the reluctor
width and spacing of arrangement (the reluctor size) vary
within mass production tolerances, thereby causing a reduc-
tion in the estimated accuracy of produced torque.

Accordingly, an object of the present disclosure is to pro-
vide an engine control unit in which the influence of varia-
tions in reluctor size is eliminated to enable an improvement
in the estimated accuracy of an engine load.

To achieve the above-mentioned object, a first feature of
the present disclosure is that an engine control unit including
a pulse generator that detects a reluctor provided on a crank
pulser rotor rotating synchronously with a crankshaft of an
engine to output crank pulses, includes: angular velocity cal-
culating means that calculates a first crank angular velocity on
the basis of an interval between two crank pulses output in a
predetermined section near compression top dead center of
the engine, and detects near overlap top dead center the same
reluctor used for calculating the first crank angular velocity to
calculate a second crank angular velocity on the basis of an
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2

interval between two crank pulses output from the pulse gen-
erator; and engine load estimating means that estimates an
engine load from a difference between the first crank angular
velocity and the second crank angular velocity.

Also, a second feature of the present disclosure is that a
relationship between the reluctor and the crankshatft is set in
such a manner that the two crank pulses to be output in each
of'the predetermined sections near the compression top dead
center and the overlap top dead center are output in positions
immediately before the compression top dead center and the
overlap top dead center.

Furthermore, a third feature of the present disclosure is that
arelationship between the reluctor and the crankshaft is set in
such a manner that the two crank pulses to be output in each
of predetermined sections near the compression top dead
center and the overlap top dead center are output in positions
straddling the compression top dead center and the overlap
top dead center, respectively.

Also, a fourth feature of the present disclosure is that the
two crank pulses to be output in each of the predetermined
sections near the compression top dead center and the overlap
top dead center are output at the time of detection of front and
rear ends of a single reluctor provided on the crank pulser
rotor.

Moreover, a fifth feature of the present disclosure is that the
two crank pulses to be output in each of predetermines sec-
tions near the compression top dead center and the overlap top
dead center are output at the time of detection of predeter-
mined two of a plurality of reluctors provided on the crank
pulser rotor.

Also, a sixth feature of the present disclosure is that the
engine load estimating means estimates the engine load from
indicated mean effective pressure over a whole cycle of the
engine including a pumping loss that is negative work done by
the engine.

According to the first to sixth features, when an increment
in crank angular velocity is calculated at two points in one
cycle so as to calculate a crank angular velocity variation, a
reluctor used for detecting the crank angular velocity at one
point (near the compression top dead center) is also used for
detecting the crank angular velocity at the other point (near
the overlap top dead center). Thus, it is possible to prevent a
reduction in engine load detection accuracy due to variations
in the reluctor machining accuracy within mass production
tolerances.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages of the invention will become apparent in
the following description taken in conjunction with the draw-
ings, wherein:

FIG. 1 is a block diagram illustrating the system configu-
ration of an engine control unit according to an embodiment
of the present disclosure;

FIG. 2 is a front elevation illustrating an example of a crank
pulser rotor having a plurality of reluctors;

FIG. 3 is a time chart illustrating the relationship between
a crank pulse and variation in a crank angular velocity w,
during one cycle;

FIG. 4 is a time chart illustrating the relationship between
the crank pulse corresponding to a single reluctor and varia-
tion in the crank angular velocity m;

FIG. 5 is a time chart illustrating the relationship between
the crank pulse corresponding to the plural of reluctors and
variation in the crank angular velocity m;

FIG. 6 is a time chart illustrating the relationship between
the crank pulse and variation in the crank angular velocity w,
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in an example in which the setting is such that the crank pulses
corresponding to the single reluctor are output in positions
straddling compression top dead center and overlap top dead
center;

FIG. 7 shows a result of experiments on a correlation
between crank angular velocity variation with air-fuel ratio
A/F as a parameter, and indicated mean effective pressure
IMEPNET covering indicated work over the whole cycle; and

FIG. 8 shows a result of experiments on a correlation
between crank angular velocity variation with engine lubri-
cating oil temperature as a parameter, and the indicated mean
effective pressure IMEPNET covering the indicated work
over the whole cycle.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, a preferred embodiment of the present disclo-
sure will be described in detail with reference to the accom-
panying drawings. FIG. 1 is a block diagram illustrating the
system configuration of an engine control unit according to an
embodiment of the present disclosure.

Referring to FIG. 1, a cylinder head 8 is attached to an
upper portion of a cylinder 10 of a four-stroke single-cylinder
engine 5. The engine 5 can include a variable valve timing
(VVT: Variable Valve Timing) mechanism. The VVT mecha-
nism drives a control motor, not shown, based on drive com-
mands from an ECU 50 to thereby change the valve timing of
an intake valve IV and an exhaust valve EV. Along with the
change of the valve timing, a valve lift amount also changes.
A variable state of the valve timing performed by the VVT
mechanism is transmitted to the ECU 50 by a sensor 19 for
detecting a rotational angle of the control motor, etc.

A crank pulser rotor 2 is mounted on a crankshaft 1 of the
engine 5. The crank pulser rotor 2 is composed of a rotor 3
rotating synchronously with the crankshaft 1, and a reluctor 4
protruding in an outer peripheral direction from the rotor 3.
The reluctor 4 has a width B (for example, 30°) over a pre-
determined angular range in a circumferential direction of the
rotor 3. A magnetic pickup pulse generator PC is provided
facing an outer periphery of the rotor 3. The pulse generator
PC outputs an “on” signal in a position where the reluctor 4 is
located, and an “off” signal in a position where the reluctor 4
is not located. In other words, a front end in a rotational
direction ofthe reluctor 4 is detected by the “on” signal of the
pulse generator PC, and a rear end thereof is detected by the
“oft” signal. A detection signal, that is, a crank pulse, is input
to the ECU 50. The crank pulser rotor 2 is mounted on the
crankshaft 1 while being positioned such that the reluctor 4 is
located near top dead center.

It should be noted that, as for the crank pulser rotor 2, a
crank pulser rotor having a plural of reluctors may be used.
FIG. 2 is a front elevation of a crank pulser rotor having the
plural of reluctors. In FIG. 2, a crank pulser rotor 24 rotating
synchronously with the crankshaft 1 is mounted. A plural of
reluctors 4a are arranged at equal spaces (for example, spaced
every 30°) on the outer periphery of a rotor 3a, excluding one
non-toothed portion (a portion without the reluctors 4a) H.
The pulse generator PC inputs, to the ECU 50, detection
signals of front and rear ends of the reluctors 4a. It should be
noted that, in a case where the crank pulser rotor 2a is used, a
width B1 of each reluctor 4a may be smaller than the width B
of'the reluctor 4 as shown in FIG. 1 because only either one of
the crank pulses output corresponding to the front and rear
ends detected by the pulse generator PC is used.

Referring back to FIG. 1, an air cleaner box 16 for intake air
filtration is attached to one end of an intake pipe 11. An
intake-air temperature sensor 17 and an atmospheric pressure
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sensor 18 are provided within the air cleaner box 16. Also, an
air flow sensor 15 for measuring an intake air quantity; a
throttle valve opening sensor 14 for detecting a rotational
angle of a throttle valve 13, and an intake pressure sensor 20
for detecting an intake pressure are attached to the intake pipe
11. An ignition system 9 is provided on an upper portion of a
combustion chamber. A fuel injection valve 12 is disposed on
the intake pipe 11 downstream of the throttle valve 13. An
oxygen concentration sensor 7 is attached to an exhaust pipe
6.

The ECU 50 includes a rotational fluctuation controller 41.
The rotational fluctuation controller 41 includes an angular
velocity calculating unit 411 that calculates, based on the
length of time that the input detection signal of the pulse
generator PC is kept “on”, a first crank angular velocity w10
at compression top dead center of the engine 5, and a second
crank angular velocity ®20 at a position when the crankshaft
1 completes its 360-degree rotation (i.e. one revolution) from
the compression top dead center, that is, the second crank
angular velocity ®20 at overlap top dead center. Additionally,
the rotational fluctuation controller 41 includes an engine
load estimating unit 412 that calculates a difference between
the first crank angular velocity w10 and the second crank
angular velocity @20, that is, a crank angular velocity varia-
tion Aw360, to estimate an engine load. An ignition timing
controller 39 provides an ignition signal to the ignition system
9 at a predetermined ignition timing according to an ignition
timing instruction input from an ignition timing instructing
unit 413.

The rotational fluctuation controller 41 and the ignition
timing controller 39 can be realized by using microcomputer
programs. The ECU 50 includes a microcomputer for execut-
ing the programs. In this manner, the ECU 50 has the function
of performing ignition timing control and engine rotational
fluctuation suppression control on the basis of the crank angu-
lar velocity variation Aw360.

Next, variation in crank angular velocity will be described
with reference to FIG. 3. FIG. 3 is a time chart illustrating the
relationship between the crank pulse and variation in crank
angular velocity w, during one cycle.

In FIG. 3, the angular velocity o of the crankshaft 1 varies
periodically, due to the varying torque in the crankshaft, with
an average rotational speed Ne as a center, according to one
cycle of the engine, i.e., four strokes of compression, expan-
sion, exhaust, and intake. A minimum angular velocity w0
appears near compression top dead center TDC. A maximum
angular velocity w1 appears at the end of the expansion
stroke, in other words, near exhaust bottom dead center BDC
(a crank angle in the range of from 150° to 180°).

Specifically, in the compression stroke, the crank angular
velocity w decreases due to compression resistance caused by
an increase in in-cylinder pressure. In the expansion stroke,
on the other hand, crank rotational energy is generated by an
increase in in-cylinder pressure due to combustion. Due to
this, the crank angular velocity w turns to an increase. The
crank angular velocity o decreased to the minimum value ®0
in the compression stroke reaches the maximum crank angu-
lar velocity w1 immediately before the end of the expansion
stroke. After that, the crank angular velocity w continues to
decrease due to pump work, such as mechanical friction resis-
tance in the engine, burned gas exhaust resistance in the
exhaust stroke, and intake resistance in the intake stroke, and
then reaches again the intake and compression strokes.

According to this variation in the crank angular velocity o,
the minimum crank angular velocity w0 detected near the
compression top dead center TDC is lower than the average
rotational speed Ne. On the other hand, the maximum crank
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angular velocity w1 detected immediately before the end of
the expansion stroke (combustion bottom dead center BDC)
is higher than the average rotational speed Ne. A difference
Aw between the minimum crank angular velocity w0 and the
maximum crank angular velocity w1 represents a load on the
engine 5, as will be described later.

A rotational energy increasing amount AE in the expansion
stroke is obtained by the following Equation 1:

AE=Y>Te:(012-002) Equation 1,

where Ie represents the moment of inertia of a crankshaft
system.

Because the energy increasing amount AE is the engine
work by combustion, the energy increasing amount AE can be
also obtained by the following Equation 2:

AE=IMFP-Vs Equation 2,

where IMEP represents the indicated mean effective pres-
sure, and Vs represents the engine displacement.

Also, the right side of Equation 1 can be transformed into
the following Equation 3:

Y5 (012-w02)=(w1-00)-Y2 (01+w0) Equation 3

The crank angular velocity variation Aw during the expan-
sion stroke is defined by Aw=(w1-w0). Also, the right side of
Equation 3 is approximately equal to the per-cycle average
angular velocity w, thatis, the rotational speed Ne, and there-
fore can be approximated by the following Equation 4:

Y2 (01+00)=Ne Equation 4

Based on Equations 1 to 4, the crank angular velocity
variation Aw is expressed by the following Equation 5:

Aw=(IMEP-Vs)/(le-Ne) Equation 5,

that is to say, the crank angular velocity variation Aw is
proportional to the indicated mean effective pressure IMEP
and the displacement Vs, and inversely proportional to the
engine rotational speed Ne and the moment of inertia of the
crankshaft system.

In this manner, for example, the indicated mean effective
pressure IMEP, which represents the engine load, is corre-
lated with the crank angular velocity variation Aw. Therefore,
the crank angular velocity variation Am can be used for an
engine load estimate. However, there are various variation
factors in measurement of actual equipment, such as the
machining accuracy of the reluctor, and the mounting accu-
racy of the pulse generator PC. Therefore, in order to elimi-
nate the influence of these variation factors, the crank angular
velocity variation Aw is obtained using the same reluctor.

More specifically, the minimum crank angular velocity m0
is substituted by the first crank angular velocity ®10 detected
near the compression top dead center TDC. On the other
hand, the maximum crank angular velocity w1 is substituted
by the second crank angular velocity w20 detected near the
overlap top dead center OLP corresponding to the position
when the crankshaft completes its 360-degree rotation from
the compression top dead center TDC. Thus, the crank angu-
lar velocity variation A is defined by the increment from the
first crank angular velocity m10 to the second crank angular
velocity @20, that is, the crank angular velocity variation
Aw360 at a 360° crank angle during the expansion and
exhaust strokes.

FIG. 4 is a time chart illustrating the relationship between
the crank pulse of the crank pulser rotor 2 having the single
reluctor 4 and variation in the crank angular velocity w. The
crank angular velocity ® becomes the minimum value w0 at
a starting position of the expansion stroke, that is, near the
compression top dead center TDC, and becomes the maxi-
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mum value w1 immediately before the end of the expansion
stroke (at approximately 150° from the TDC). And then the
crank angular velocity o decreases gradually during the
exhaust stroke, and further decreases sharply immediately
after the start of the intake stroke. Thereafter, the crank angu-
lar velocity o is almost kept at a value lower than the average
engine rotational speed up to the middle of the compression
stroke, and starts to decrease to the minimum value w0 from
the second half of the compression stroke.

In an example shown in FIG. 4, the position of the crank
pulser rotor 2 is set in such a manner that, of crank pulses
output from the pulse generator PC after detection ofthe front
and rear ends of the reluctor 4, the crank pulse corresponding
to the rear end corresponds to a crank pulse immediately
before (for example, 10° before) the compression top dead
center TDC. Thus, crank pulses are generated both immedi-
ately before the compression top dead center TDC and after
one revolution of the engine, i.e., immediately before the
overlap top dead center OLP. The crank pulse widths in the
respective positions are detected as the crank angular veloci-
ties w in those positions, namely, the first crank angular veloc-
ity 10 and the second crank angular velocity w20. The
increment Aw360 between the first crank angular velocity
w10 and the second crank angular velocity w20 is calculated
as the crank angular velocity variation.

On the other hand, in addition to the crank pulse corre-
sponding to the single reluctor 4, FIG. 4 also shows a crank
angular velocity detecting position according to the related
art in which the crank pulse of the crank pulser rotor 2a having
the plural of reluctors 4a as shown in FIG. 2 is used. In the
related art, the crank angular velocity variation M is obtained,
by using the crank pulser rotor 24, from the minimum crank
angular velocity Aw and the maximum crank angular velocity
w1 on the basis of two crank pulses straddling the compres-
sion top dead center TDC and two crank pulses at 150° from
the compression top dead center TDC. That is to say, the crank
pulses corresponding to different reluctors are used.

FIG. 5 is a time chart illustrating the relationship between
the crank pulse of the crank pulser rotor 2a¢ having the plural
of reluctors 4a, and variation in the crank angular velocity w.
In FIG. 5, the first crank angular velocity 10 and the second
crank angular velocity 20 are obtained by using crank
pulses from the two reluctors 4a obtained in both positions,
immediately before the compression top dead center TDC
and immediately before the overlap top dead center OLT,
among the plural of reluctors 4a.

In this example, two of the plural of reluctors 4a are com-
monly used for detection of the first crank angular velocity
w10 and the second crank angular velocity ®20. Thus, the
influence of variations in size within mass production toler-
ances can be eliminated, in the same manner as the case where
the crank pulser rotor 2 having the single reluctor 4 is used.

It should be noted that, in a case where the crank angular
velocities 10 and w20 are obtained near the compression top
dead center TDC and the overlap top dead center OLT, the
position of the crank pulser rotor 2a may be set in such a
manner that two crank pulses straddle the compression top
dead center TDC or the overlap top dead center OLT.

FIG. 6 is a time chart illustrating the relationship between
the crank pulse and variation in the crank angular velocity w,
during one cycle, showing an example in which the position
of the crank pulser rotor 2 is set so that two crank pulses
straddle the compression top dead center TDC or the overlap
top dead center OLT. In the example shown in FIG. 6, the first
crank angular velocity ®10 is almost the same value as the
minimum crank angular velocity w0.
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It should be also noted that, in view of the sharp decrease of
the crank angular velocity o immediately after transition
from the exhaust stroke to the intake stroke, the crank angular
velocity w is preferably obtained immediately before rather
than immediately after the compression top dead center TDC,
or immediately before rather than immediately after the over-
lap top dead center OLT.
Here, the meaning of the crank angular velocity variation
Aw360 calculated by using the same reluctors will be
described. The crank angular velocity variation Aw is propor-
tional to the indicated mean effective pressure IMEP. In this
case, however, the indicated mean eftective pressure IMEP is
indicated mean effective pressure IMEPGROSS covering
only the positive work produced during the section from the
compression stroke to the expansion stroke.
The present inventors conducted experiments and
research, assuming that the angular velocity variation Aw360
per cycle of the engine is correlated with indicated mean
effective pressure IMEPNET covering the indicated work
over the whole cycle.
FIG. 7 shows a result of experiments on a correlation
between the crank angular velocity variation Aw360 with
air-fuel ratio A/F as a parameter, and the indicated mean
effective pressure IMEPNET covering the indicated work
over the whole cycle. It should be noted that the engine is
rotated at a constant rate.
FIG. 8 shows a result of experiments on a correlation
between the crank angular velocity variation Aw360 with
engine lubricating oil temperature as a parameter, and the
indicated mean effective pressure IMEPNET covering the
indicated work over the whole cycle. It should be noted that
the engine is rotated at a constant rate.
As can be understood from the experimental results shown
in FIGS. 7 and 8, it has been confirmed that the correlation
between the crank angular velocity variation Am360 per cycle
and the indicated mean eftective pressure IMEPNET is con-
stant irrespective of the air-fuel ratio A/F and the engine
lubricating oil temperature. This has shown that the crank
angular velocity variation Am360 has a correlation to the
indicated mean effective pressure IMEPNET without being
affected by a change in the intake air quantity, and a change in
the engine lubricating oil temperature, i.e., the mechanical
loss.
Consequently, a load on the engine can be also estimated
from a difference between the first crank angular velocity w10
and the second crank angular velocity ®20, in other words,
the crank angular velocity variation Aw360.
Although a specific form of embodiment of the instant
invention has been described above and illustrated in the
accompanying drawings in order to be more clearly under-
stood, the above description is made by way of example and
not as a limitation to the scope of the instant invention. It is
contemplated that various modifications apparent to one of
ordinary skill in the art could be made without departing from
the scope of the invention which is to be determined by the
following claims.
We claim:
1. An engine control unit comprising:
apulse generator that detects a reluctor provided on a crank
pulser rotor rotating synchronously with a crankshaft of
a single cylinder engine to output crank pulses;

an angular velocity calculator that calculates a first crank
angular velocity using a reluctor in a predetermined
section near compression top dead center of the engine
in a compression stroke and an interval between two
crank pulses output in the predetermined section near
the compression top dead center of the engine, and

10

20

25

30

35

40

45

50

55

60

65

8

detects near overlap top dead center the same reluctor
used for calculating the first crank angular velocity to
calculate a second crank angular velocity in an exhaust
stroke using an interval between two crank pulses output
from the pulse generator; and

an engine load estimator that estimates an engine load from

a difference between the first crank angular velocity and
the second crank angular velocity,
wherein the two crank pulses to be output in each of pre-
determined sections near the compression top dead cen-
ter and the overlap top dead center are output at a time of
detection of front and rear ends of a single reluctor
provided on the crank pulser rotor.
2. The engine control unit according to claim 1, wherein a
relationship between the reluctor and the crankshaft is set
such that the two crank pulses to be output in each of prede-
termined sections near the compression top dead center and
the overlap top dead center are output in positions immedi-
ately before the compression top dead center and the overlap
top dead center.
3. The engine control unit according to claim 2, wherein the
engine load estimator estimates the engine load from indi-
cated mean effective pressure over a whole cycle of the engine
including a pumping loss that is negative work done by the
engine.
4. The engine control unit according to claim 1, wherein the
engine load estimator estimates the engine load from indi-
cated mean effective pressure over a whole cycle of the engine
including a pumping loss that is negative work done by the
engine.
5. An engine control unit comprising:
apulse generator that detects a reluctor provided on a crank
pulser rotor rotating synchronously with a crankshaft of
a single cylinder engine to output crank pulses;

an angular velocity calculator that calculates a first crank
angular velocity using a reluctor in a predetermined
section near compression top dead center of the engine
in a compression stroke and an interval between two
crank pulses output in the predetermined section near
the compression top dead center of the engine, and
detects near overlap top dead center the same reluctor
used for calculating the first crank angular velocity to
calculate a second crank angular velocity in an exhaust
stroke using an interval between two crank pulses output
from the pulse generator; and

an engine load estimator that estimates an engine load from

a difference between the first crank angular velocity and
the second crank angular velocity,

wherein a relationship between the reluctor and the crank-

shaft is set such that the two crank pulses to be output in
each of predetermined sections near the compression top
dead center and the overlap top dead center are output in
positions of the same physical reluctor straddling both
the compression top dead center in the compression
stroke and the overlap top dead center in the exhaust
stroke.

6. The engine control unit according to claim 5, wherein the
two crank pulses to be output in each of predetermined sec-
tions near the compression top dead center and the overlap top
dead center are output at a time of detection of front and rear
ends of a single reluctor provided on the crank pulser rotor.

7. The engine control unit according to claim 5, wherein the
engine load estimator estimates the engine load from indi-
cated mean effective pressure over a whole cycle of the engine
including a pumping loss that is negative work done by the
engine.
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8. A method of controlling an engine with an engine control
unit comprising:
detecting, by a pulse generator, a reluctor provided on a
crank pulser rotor rotating synchronously with a crank-
shaft of a single cylinder engine to output crank pulses;
calculating, by the engine control unit, a first crank angular
velocity using a reluctor in a predetermined section near
compression top dead center of the engine in a compres-
sion stroke and an interval between two crank pulses
output in the predetermined section near the compres-
sion top dead center of the engine, and detecting near
overlap top dead center of the same reluctor used for
calculating the first crank angular velocity to calculate a
second crank angular velocity in an exhaust stroke using
an interval between two crank pulses output from the
pulse generator; and
estimating, by the engine control unit, an engine load from
a difference between the first crank angular velocity and
the second crank angular velocity,
wherein the two crank pulses to be output in each of pre-
determined sections near the compression top dead cen-
ter and the overlap top dead center are output at a time of
detection of front and rear ends of a single reluctor
provided on the crank pulser rotor.
9. The method of controlling an engine according to claim
8, wherein a relationship between the reluctor and the crank-
shaft is set such that the two crank pulses to be output in each
of predetermined sections near the compression top dead
center and the overlap top dead center are output in positions
immediately before the compression top dead center and the
overlap top dead center.
10. The method of controlling an engine according to claim
8, further comprising: estimating the engine load from indi-
cated mean effective pressure over a whole cycle of the engine
including a pumping loss that is negative work done by the
engine.
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11. A method of controlling an engine comprising:

detecting, by a pulse generator, a reluctor provided on a
crank pulser rotor rotating synchronously with a crank-
shaft of a single cylinder engine to output crank pulses;

calculating, by the engine control unit, a first crank angular
velocity using a reluctor in a predetermined section near
compression top dead center of the engine in a compres-
sion stroke and an interval between two crank pulses
output in the predetermined section near the compres-
sion top dead center of the engine, and detecting near
overlap top dead center of the same reluctor used for
calculating the first crank angular velocity to calculate a
second crank angular velocity in an exhaust stroke using
an interval between two crank pulses output from the
pulse generator; and

estimating, by the engine control unit, an engine load from

a difference between the first crank angular velocity and
the second crank angular velocity,

wherein a relationship between the reluctor and the crank-

shaft is set such that the two crank pulses to be output in
each of predetermined sections near the compression top
dead center and the overlap top dead center are output in
positions of the same physical reluctor straddling both
the compression top dead center in the compression
stroke and the overlap top dead center in the exhaust
stroke.

12. The method of controlling an engine according to claim
11, wherein the two crank pulses to be output in each of
predetermined sections near the compression top dead center
and the overlap top dead center are output at a time of detec-
tion of front and rear ends of a single reluctor provided on the
crank pulser rotor.



